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Description 

NESTED VOLTAGE ISLAND 
ARCHITECTURE 

Background of Invention 

[0001] FIELD OF THE INVENTION 

[0002] jhe present invention relates to the field of integrated cir- 
cuits; more specifically, it relates to architecture for inte- 
grated circuits containing voltage islands. 

[0003] BACKGROUND OF THE INVENTION 

[0004] Designing application specific integrated circuits (ASICs) 
and system-on-chips (SOCs) entails selecting several dif- 
ferent designs selected from a library of designs and in- 
serting them in a basic framework of inputs, output and 
power supplies. However, integrated circuit manufacturing 
techniques have progressed to the point where advanced 
ASIC and SOC integration complexity create serious prob- 
lems related to the distribution of power to the cores of 
ASIC or SOC devices. 



[0005] Some cores may be selectively powered up or down or 
even powered at voltages that are different from other 
core voltages. For example, analog cores, embedded field 
programmable gate arrays (eFPGA) and embedded dy- 
namic random access memory (DRAM) cores require 
higher minimum voltages to function than, for example, 
digital complementary metal-oxide-silicon (CMOS) logic 
cores. In some cases, it might be advantageous to run a 
core at a higher voltage to increase performance. Also, 
some applications (e.g. battery power supplies) are sensi- 
tive to the power consumed by leakage currents in non- 
switching circuits within a core. 

[0006] However, as orders of integration of ASIC and SOC devices 
becomes ever more complex, even cores themselves have 
internal power consumption and power distribution prob- 
lems that hereto have remained un-resolved. Therefore, 
there is a need for a technique to resolve intra-core power 

consumption and power distribution problems. 
Summary of Invention 

[0007] A first aspect of the present invention is An integrated cir- 
cuit comprising: a first voltage island having a hierarchal 
structure; and a second voltage island nested within the 
first voltage island, the second voltage island having the 



same hierarchal structure as the first voltage island. 

[0008] A second aspect of the present invention is an integrated 
circuit comprising: a parent terrain; and a hierarchal order 
of nested voltage islands within the parent terrain, each 
higher-order voltage island nested within a lower-order 
voltage island, each nested voltage island having the same 
hierarchal structure. 

[0009] A third aspect of the present invention is a method of de- 
signing an integrated circuit comprising: providing a par- 
ent terrain within the integrated circuit; placing a first 
voltage island having a hierarchal structure within the 
parent terrain; and placing a second voltage island nested 
within the first voltage island, the second voltage island 
having the same hierarchal structure as the first voltage 
island. 

Brief Description of Drawings 

[0010] The features of the invention are set forth in the ap- 
pended claims. The invention itself, however, will be best 
understood by reference to the following detailed descrip- 
tion of an illustrative embodiment when read in conjunc- 
tion with the accompanying drawings, wherein: 

[0011] FIG. 1 is a schematic diagram illustrating the multiple 
voltage supplies relative to a voltage island according to 



the present invention; 

[0012] FIG. 2 is a schematic diagram illustrating a physical and 
voltage hierarchy of nested voltage islands according to 
the present invention; 

[0013] FIG. 3 is a diagram illustrating the various voltage rela- 
tionships possible in a nested voltage island hierarchy ac- 
cording to the present invention; 

[0014] FIG. 4 is a table relating the voltage structures of FIGs. 2 
and 3 to the multiple voltage sources of illustrated in of 
FIG. 1; 

[0015] FIG. 5 is a schematic diagram illustrating the relationship 
between various components of a voltage islands accord- 
ing to the present invention; and 

[0016] FIG. 6 is an example of a device designed according to the 

present invention. 
Detailed Description 

[0017] For the purposes of the present invention VDDN is defined 
as a general power supply provided to a voltage island, 
VDDI is defined as a power supply present within the volt- 
age island and distributed through a network to devices 
within the voltage island, VDDO is defined as a power 
supply of the voltage islands parent terrain and VDDSS is 
defined as an optional power supply to support state- 



saving functions within the voltage island. A parent terrain 
is defined as the immediate physical region in which the 
voltage island is placed. A parent terrain may be the inte- 
grated circuit chip or another voltage island at some order 
of hierarchy of voltage islands with the integrated circuit 
chip. VDDG is defined as a power supply, which is always 
powered up whenever any of VDDN, VDDI, VDDO or 
VDDSS of a lower hierarchal terrain is powered up. Fenc- 
ing is defined shifting the voltage level of specified cir- 
cuits from VDDI to VDDO when a voltage island is pow- 
ered down and from VDDO to VDDI when a voltage island 
is powered up. 

[0018] FIG, 1 is a schematic diagram illustrating the multiple 

voltage supplies relative to a voltage island according to 
the present invention. In FIG. 1, a voltage island 10 is 
contained within a parent terrain 12. Parent terrain 12 
may be an integrated circuit chip or another voltage is- 
land. Voltage island 10 includes an optional switch ele- 
ment 14 and a power distribution network 16 for supply- 
ing VDDI power to various devices such as logic gates, 
contained within the voltage island. The input to switch 
element 14 is VDDN and the output of switch element 14 
is VDDI. 



[0019] Switch element 14 may be a header device, a footer de- 
vice, a voltage regulator or a hard connection. Footers and 
headers in their simplest form are essentially N-channel 
field effect transistors (NFETs) or P-channel field effect 
transistors (PFETs) used as switches. The source/drain of 
the PFET/NFET is coupled to VDDN and the drain/source 
of the PFET/NFET is coupled to power distribution network 
16. The gate of the NFET/PFET is powered on/off to dis- 
connect power distribution network 16 from VDDN. Head- 
ers connect to the VDD side of VDDN, footers connect to 
the GND side of VDDN. A voltage regulator either in- 
creases the value of VDDN so VDD! is higher than VDDN 
or decreases the value of VDDN so VDDI is lower than 
VDDN. If switch element 14 is a hard connection then 
VDDI is designated from the point where the hard connec- 
tion between power distribution network 16 and VDDN is 
made. 

[0020] Just as VDDI implies the concept of a voltage within volt- 
age island 10, VDDO implies a concept of a voltage with- 
out voltage island 10, i.e. the general voltage of the par- 
ent terrain. 

[0021] Voltage island 10 is further supplied with VDDSS. Com- 
munications across voltage island boundaries must ac- 



count for differences between VDDI and VDDO such as the 
possibility VDDI and VDDO may be powered at different 
times. The states of logic latches within voltage island 10 
will be lost when VDDI is powered down so circuitry to 
save the state of those logic latches is supplied by VDDSS. 

[0022] VDDN, VDDI, VDDO and VDDSS define all the different 
voltage sources required to power various functions 
within voltage islands. Therefore, VDDN, VDDI, VDDO and 
VDDSS are functional voltages. However, the voltage val- 
ues of VDDN, VDDI, VDDO and VDDSS need not be differ- 
ent from one another and one or more of VDDN, VDDI, 
VDDO and VDDSS may be the same voltage value. Al- 
though FIG. 1 illustrates VDDSS and VDDN as being sup- 
plied from VDDO, this is not a general case and VDDSS 
and VDDN were so shown to indicate they must originate 
from some higher hierarchal voltage supply. A full discus- 
sion of the hierarchal voltage supplies of the present in- 
vention is illustrated in FIGs. 3 and 4 and described infra. 

[0023] The minimum hierarchal structure of every voltage island 
according to the present invention includes at least a 
VDDN power supply and voltage shifting means or fencing 
means or both voltage shifting means and fencing means. 
Additionally, every voltage island according to the present 



invention may further include state saving means, one or 
more switcli elements, a VDDI power supply and associ- 
ated power distribution network, a VDDSS power supply, 
and one or more voltage buffering circuits. If a voltage is- 
land serves as a parent terrain for another, nested voltage 
island, then VDDI of the parent voltage island will be the 
VDDO of the nested voltage island. These elements are il- 
lustrated in FIG. 5 and discussed infra. 
[0024] Finally, it would be helpful to explore the concept of a 
global VDD, VDDG. VDDG is defined as a power supply 
that is always powered on whenever VDDN, VDDI, VDDO 
or VDDSS is on. The concept of nested voltages islands is 
illustrated in FIG. 2 and described infra. In many cases, 
the lowest order of hierarchy is the integrated circuit chip 
and the VDDO of the integrated chip is VDDG. However, it 
is possible that a specific voltage islands VDDI could be 
designated as VDDG and control the powering of its par- 
ent terrain. 

[0025] FIG. 2 is a schematic diagram illustrating a physical and 
voltage hierarchy of nested voltage islands according to 
the present invention. In FIG. 2, integrated circuit chip 20 
includes a multiplicity of voltage islands 22. Integrated 
circuit chip 20 is the parent terrain for voltage islands 22. 



Voltage islands 22 are first order nested. Each voltage is- 
land 22 includes a multiplicity of voltage islands 24. Each 
voltage island 22 is the parent terrain for voltage islands 
24. Voltage islands 24 are second order nested. Each volt- 
age island 24 includes a multiplicity of voltage islands 26. 
Each voltage island 24 is the parent terrain for voltage is- 
lands 26. Voltage islands 26 are third order nested. Chip 
20 is the lowest order, zero nesting order. While four or- 
ders (0, 1, 2, and 3) of nesting are illustrated in FIG. 2, 
any number of nesting orders is possible. Note, the higher 
the order of a nested voltage island the deeper into the 
nesting the voltage island is located and the more lower- 
order voltage islands intervene between the higher-order 
nested voltage island and the parent terrain. Not all 
lower-order nested voltage islands need be populated 
with all the higher-order nested voltage islands or the 
same number of higher-order voltage islands in a given 
hierarchy of nested voltage islands. The exact configura- 
tion of nested voltage islands is purely a function of inte- 
grated chip design. 
[0026] VDDI of integrated circuit chip 20 is designated as voltage 
order zero (VO). Integrated circuit chip 20 may also be 
supplied with a multiplicity of external voltage supplies 



VX(1) through VX(n). VDDI of voltage islands 22 is desig- 
nated voltage order one (VI), VDDI of voltage islands 24 is 
designated voltage order (V2) and VDDI of voltage islands 
26 is designated third voltage order (V3). The VDDI (i.e. 
VI) on each voltage island 22 may or may not differ from 
one another in voltage value and/or the times the voltage 
is on and/or the power supply from which VDDI is derived 
as illustrated in FIGs. 3 and 4 and described infra. The 
same is true for VDDI (i.e. V2) on each voltage island 24 
and VDDI (i.e. V3) on each voltage island 26. 

[0027] FIG. 3 is a diagram illustrating the various voltage rela- 
tionships possible in a nested voltage island hierarchy ac- 
cording to the present invention. Nesting orders zero 
through Z are illustrated in FIG. 3. It can be readily seen 
that the power supply of any voltage order may be derived 
from any lower-order voltage order power supply or VX. 
The power supply of any given voltage order need not 
pass through all intervening orders power supplies. V3 
may be derived from V2, V3 may be derived from VO or V3 
may be derived from VO through V2 (skipping VI), to give 
a few examples. 

[0028] FIG. 4 is a table relating the voltage structures of FIGs. 2 
and 3 to the multiple voltage sources of illustrated in of 



FIG. 1. As discussed infra, VDDI of a given order voltage 
island relates directly to the voltage order, however there 
are similar relationships between VDDO, VDDSS and 
VDDN, though not as direct as the relationship of VDDI to 
voltage order. FIG. 4 illustrates for a given a voltage island 
of nesting order W, the nesting nearest order from which 
VDDO, VDDI, VDDSS and VDDN can be derived and the re- 
lationship to that order. A fractional function indicates 
that the voltage is a fraction of the supply voltage while a 
step function indicates zero or full supply voltage. 
[0029] FIG. 5 is a schematic diagram illustrating the relationship 
between various components of a voltage islands accord- 
ing to the present invention. Integrated circuit chip 30 in- 
cludes a voltage island 32. Voltage island 32 includes a 
switch element 34, a fence-in circuit 36, a first logic cir- 
cuit 38, a state saving circuit 40, a second logic latch 42 
and a fence-out circuit 44. In the present example, switch 
element 34 is supplied from chip VDDO (which is VDDG in 
this example). Switch element 34 distributes VDDI to 
fence-in circuit 36, first logic circuit 38, state-saving latch 
40, second logic circuit 42 and fence-out circuit 44. 
VDDO is also supplied to fence-in circuit 36, state saving 
latch 40 and fence-out circuit 44. State-saving latch 40 is 



also supplied with VDDSS (which is VDDO in this exam- 
ple). Integrated circuit chip 30 also includes a power man- 
agement state machine 46. Power management state ma- 
chine 46 is powered by VDDO. Power management state 
machine 46 generates a DISABLE control signal coupled to 
switch element 34 and a FENCEN control signal coupled to 
state-saving latch 40 and fence-out circuit 44. First and 
second logic circuits 38 and 40 are generally coupled to 
logic or other circuits (not shown) within voltage island 
32. 

[0030] FENCEN, when enabled, disables communication across 
voltage island boundaries and causes state-saving latch 
40 to save (latch) the current contents of state-saving 
latch 40 prior to power down of VDDI so the state state- 
saving latch 40 can be restored when VDDI is powered up. 
DISABLE is used to turn switch element 34 off, thus de- 
powering VDDI (if switch element is a voltage regulator or 
a header or footer). 

[0031] Jo power off voltage island 30: (1) turn all clock signals 
into the voltage island off, (2) in response to FENCEN on, 
fence-in circuit 36 and fence-out circuit 44 disable data 
in and data communication between the voltage island 
and integrated circuit chip 30 and to save the state of 



state saving latch 40 and (3) in response to DISABLE on, 
switch element 34 de-couples VDDI from VDDO thus de- 
powering the voltage island except for state saving latch 
40 which powered by VDDSS. 

[0032] To power on voltage island 30: (1) in response to DISABLE 
off, switch element 34 couples VDDI to VDDO thus power- 
ing the voltage island, (2) wait for VDDI to stabilize, (3) in 
response to FENCEN off, fence-in circuit 36 and fence-out 
circuit 44 re-establish data in and data out communica- 
tion between the voltage island and integrated circuit chip 
30 and to restore the state-saving latch 40, (4) perform 
any required power-on reset to first and second logic 
latches 38 and 42 and (5) turn on all clock signals into the 
voltage island. It is important that power management 
state machine 46 reside in a powered up terrain. 

[0033] Integrated circuit chip 30 further includes a first logic cir- 
cuit 48, a second logic circuit 50 and a voltage buffer 52. 
Voltage buffer 52 is supplied by voltage VDDO (VDDG). 
Voltage buffers boost the signal level on signal lines pass- 
ing through them. First and second logic circuits 48 and 
50 are not inside of voltage island 32 but a signal line 54 
passes through the voltage island. This situation occurs 
when voltage islands are very large and the communica- 



tion between first and second logic circuits 48 and 50 is 
sensitive to voltage drop or noise so signal line 54 must 
be kept as short as possible. Voltage buffer 52 is powered 
by VDDO so the voltage buffer is on even when voltage is- 
land 32 is powered off and can still boost the signal on 
line 54. 

[0034] FIG. 6 is an example of a device designed according to the 
present invention. In FIG. 6, integrated chip 60 includes a 
first voltage island 62A and a second voltage island 62B. 
First voltage island 62A includes a header 64A, a VDDI 
power distribution network 66A and a third voltage island 
68A. Third voltage island 68A includes a voltage regulator 
70A and a VDDI power distribution network 72A. Second 
voltage island 62B includes a header 64B, a VDDI power 
distribution network 66B and a fourth voltage island 68B. 
Fourth voltage island 68B includes a voltage regulator 70B 
and a VDDI power distribution network 72B. 

[0035] VDDO of integrated chip 60 is powered from an off-chip 
VDDN (VDDG) power supply as are headers 64A and 64B 
and voltage regulators 70A and 70B. VDDSS of first volt- 
age island 62A and VDDSS of second voltage island 62B 
are powered from VDDO. VDDSS of third voltage island 
68A is powered from VDDN. VDDSS of fourth voltage is- 



land 68B is powered from VDDI of second voltage island 
62B. 

[0036] First and second voltage islands 62A and 62B are first or- 
der nested voltage islands, i.e. they are nested in inte- 
grated chip 60. Third and fourth voltage islands 68A and 
68B are second order nested voltage islands, i.e. they are 
nested in a first order nested voltage island. 

[0037] Fourth voltage island 68B must be powered down after 
second voltage island 62B powers up, and voltage island 
68B must be powered down after second voltage island 
62B powers down in order to preserve the state of fourth 
voltage island 62B because VDDSS of fourth voltage island 
68B is supplied from VDDI of second voltage island 62B. 
Third voltage island 68A may remain powered up after 
first voltage island 62A powers up because VDDSS of third 
voltage island 68A is supplied from VDDN. However, third 
voltage island 68A cannot communicate with a de- 
powered second voltage island 62B. 

[0038] The description of the embodiments of the present inven- 
tion is given above for the understanding of the present 
invention. It will be understood that the invention is not 
limited to the particular embodiments described herein, 
but is capable of various modifications, rearrangements 



and substitutions as will now become apparent to those 
skilled in the art without departing from the scope of the 
invention. Therefore, it is intended that the following 
claims cover all such modifications and changes as fall 
within the true spirit and scope of the invention. 



